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This invention relates to elastic substantially linear olefin 
p^ers havng unproved processabihty, e.g., !ow susceptM^f 
«» fracture, even under high shear stress conditions. Such 
substanhaJly linear ethylene polymers have a critical shear rate at the 
onset of surface me>t fracture substantially higher than, and 
processtng index substantially less than, that of a linear polyethylene at 
the same molecular weight distribution and melt index 

BackfrniiTl of the Wp^ ., 

Molradar weight.dishibution (MWD), or polydispersitv is 
a weU known variable in polymers, tte molecular weight 
d.stnbution, sometimes described as the ratio of weight average 
molecular weigh, <M W > to number average molecular weight f Mn , <i e 
M„/M„) can be measured directly, e.g., by gel permeation • 
chromatography techniques, or more routinely, by measuring I,„/I 2 
«ho, as described in ASTM D-Z238. For linear pofyolennHpX 

Processing * **** lB ** to P1 *sto 
^ssmg^an Nosh-and Reinhold, 1990) page 597 discloses that 
ASIM D-1238 rs employed with different loads in order to obtain an 
estunate of the shear rate dependence of melt viscosity, JmIT 
senauve to weight average molecular weight <M W ) l^Zl 
average molecular weight (M n ). 
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Bersted in Journal of Applied Polymer Science VoL 19, page 
2167-2177 (1975) theorized the relationship between molecular weight 
distribution and steady shear melt viscosity for linear polymer systems. 
He also showed that the broader MWD material exhibits a higher shear 
rate or shear stress dependency* 

Ramamurthy in Tournal of Rheology, 30(2), 337-357 (1986), 
and Moynihan, Baird and Ramanathan in Journal of Non-Newtonian 
Huid Mechanics, 36, 255-263 (1990), both disclose that the onset of 
sharkskin (Le. r melt fracture) for linear low density polyethylene 
(LLDPE) occurs at an apparent shear stress of 1-1.4 x 10 6 dyne/cm 2 , 
which was observed to be coincident with the change in slope of the 
flow curve. Ramamurthy also discloses that the onset of surface melt 
fracture or of gross melt fracture for high pressure low density 
polyethylene (HP-LDPE) occurs at an apparent shear stress of about 0.13 
MPa (1.3 x 10 6 dynes/cm 2 ). 

Kalika and Deiui in tournal of Rheology. 31, 815-834 (1987) 
confirmed the surface defects pr sharkskin phenomena for LLDPE, but 
the results of their work determined a critical shear stress of 2.3 x 10 6 
dyne/ cm 2 , significantly higher than that found by Ramamurthy and 
Moynihan et al. International Patent Application (Publication No. WO 
90/03414) published April 5, 1990, discloses linear ethylene 
interpolymer blends with narrow molecular weight distribution and 
narrow short chain branching distributions (SCBDs). The melt 
processibility of the interpolymer blends is controlled by blending 
different molecular weight interpolymers having different narrow 
molecular weight distributions and different SCBDs. 

Exxon Chemical Company, in the Preprints of Polyolefins 
VIT International Conference, page 45-66, February 24-27 1991, disclose 
that the. narrow molecular weight distribution (NMWD) resins 
produced by their EXXPOL™ technology have higher melt viscosity 
and lower melt strength than conventional Ziegler resins at the same 
melt index. In a recent publication, Exxon Chemical Company has also 
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taught that NMWD polymers made using a single site catalyst create 
the potential for melt fracture ("New Specialty Linear Polymers (SLP) 
For Power Cables," by Monica Hendewerk and Lawrence Spenadel, 
presented at IEEE meeting in Dallas, Texas, September, 1991). In a ' 
similar vein, in "A New Family of Linear Ethylene Polymers Provides 
Enhanced Sealing Performance" by Dirk G. F. Van der Sanden and 
Richard W. Halle, (February 1992 Tappi Journal), Exxon Chemical 
Company has also taught that the molecular weight distribution of a 
polymer is described by the polymers melt index ratio (i.e., I 10 /I 2 ) and 
that their new narrow molecular weight distribution polymers made ' 
using a single site catalyst are "linear backbone resins containing no 
functional or long chain branches." 

Previously known narrow molecular weight distribution 
linear polymers disadvantageous^ possessed low shear sensitivity or 
low I10/I2 value, which limits the extrudability of such polymers. 
Additionally, such polymers possessed low melt elasticity, causing 
problems in melt fabrication such as film forming processes or blow 
molding processes (e.g., sustaining a bubble in the blown film process, 
or sag in the blow molding process etc.). Finally; such resins also 
experienced melt fracture surface properties at relatively low extrusion 
rates thereby processing unacceptable 

Summar y of the Invention 

Olefin polymers characterized as substantially linear, olefin 
polymers have now been discovered which have unusual properties, 
including an unusual combination of properties, which leads to 
enhanced processability of the novel polymers. The substantially 
linear olefin polymers have the process ability similar to highly 
branched low density polyethylene (LDPE), but the strength and 
toughness of linear low density polyethylene (LLDPE). However, the 
novel substantially linear olefin polymers are distinctly different'from 
traditional Ziegler polymerized heterogeneous polymers (e.g., LLDPE) 



WO 93/08221 



PCI7US92/08812 



and are also different from traditional free radical/high pressure 
polymerized LDPE. Surprisingly, the novel substantially linear olefin 
polymers are also different from homogeneous olefin polymers 
having a uniform branching distribution. 

The substantially linear olefin polymers are characterized 

as having: 

a) a melt flow ratio, Iiq/IZt ^ 5.63, 

b) a molecular weight distribution, M w /M n , defined by the 

equation: 

M w /M n < (I10/I2) - 4 -63, and 

c) a critical shear stress at onset of gross melt fracture 
greater than 4 x 10^ dyne/cm^. 

The substantially linear olefin polymers can also be 
characterized as having: 

a) a melt flow ratio, Iio/l2r ^ 5.63, 

b) a molecular weight distribution, M w /M n , defined by the 

equation: 

M w /M n < (I10/I2) - 4.63, and 

c) a critical shear rate at onset of surface melt fracture at 
least 50 percent greater than the critical shear rate at the onset of 
surface melt fracture of a linear olefin polymer having about the same 
I2 and M w /M n . 

In another aspect, the substantially linear olefin polymers 
are characterized as having: 

a) a melt flow ratio, I10/I2/ ^ 5.63, and 

b) a molecular weight distribution, M w /M n of 
from 1.5 to 25. 

In still another aspect, the substantially linear olefin 
polymers are characterized as having: 

a) a melt flow ratio, I10/I2/ ^ 5.63, 

b) a molecular weight distribution, M w /M n of 
from 1.5 to 25, and 
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c) a critical shear rate at onset of surface melt fracture of at 
least 50 percent greater than the critical shear rate at the onset of surface 
melt fracture of a linear olefin polymer at about the same I2 and 
Mw/Mn. * 

The substantially linear olefin polymers can also be 
characterized as having a critical shear rate at onset of surface melt 
fracture of at least 50 percent greater than the critical shear rate at the 
onset of surface melt fracture of a linear olefin polymer at about the 
same I2 and M w /M n . 

In still another aspect the substantially linear olefin 
polymer can be characterized as having: 

(a) from 0.01 to 3 long chain branches/1000 carbons along 
the polymer backbone and 

(b) a critical shear stress at onset of gross melt fracture of 
greater than 4 x 10^ dynes/ cm^. 

The substantially linear olefin polymer can also be 
characterized as having: 

(a) from about 0-01 to about 3 long chain branches/1000 
carbons along the polymer backbone and 

(b) a critical shear rate at onset of surface melt fracture of at 
least 50 percent greater than the critical shear rate at the onset of surface 
melt fracture of a linear olefin polymer at about the same I2 and 
M w /M n . 

And in still another aspect, the olefin polymer can be 
characterized as a substantially linear olefin polymer -having: 

(a) from 0.01 to 3 long chain branches/1000 carbons along 
the polymer backbone, 

(b) a melt flow ratio, I10/I2/ ^ 5.63, and 

(c) a molecular weight distribution, M w /M n from 1.5 to 2.5. 
The elastic substantially linear olefin polymers also have a 

processing index (PI) less than or equal to about 70 percent of the PI of a 
comparative linear olefin polymer at about the same I2 and M w /M n . 
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Compositions comprising the substantially linear olefin 
polymer and at least one other natural or synthetic polymer are also 
within the scope of the invention. 

Elastic substantially linear olefin polymers comprising 
ethylene homopolymers or an interpolymer of ethylene with at least 
one C3-C2O a-olefin copolymers are especially preferred. 

Brief Description of the Drawings 

Figure 1 is a schematic representation of a polymerization 
process suitable for making the polymers of the present invention. 

Hgure 2 plots data describing the feladonship between 
110/12 and Mw/Mn for two examples of the invention, and for some 

comparative examples. 

Figure 3 plots the shear stress versus shear rate for an • 
example of the invention and for a comparative example, described 
herein. 

Figure 4 plots the shear stress versus shear rate for an 
example of the invention and for a comparative example, described 
herein. 

Figure 5 plots the heat seal strength versus heat seal 
temperature of film made from examples of the invention, and for 
comparative examples, described herein. 

Figure 6 graphically displays dynamic shear viscosity data 
for an elastic substantially linear olefin polymer of the present 
invention and for a comparative linear polymer made using single site 

catalyst technology. 

Figure 7 graphically displays I10/I2 ratio as a function of 

ethylene concentration in the polymerization reactor for 
ethylene/propene substantially linear copolymers of the invention. 
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Detailed Description of the Invention 

The term "linear olefin polymers" used herein means that 
the olefin polymer does not have long chain branching. That is, the 
linear olefin polymer has an absence of long chain branching, as for 
example the traditional linear low density polyethylene polymers or 
linear high density polyethylene polymers made using Ziegler 
polymerization processes (e.g., USP 4,076,698 (Anderson et al.)), 
sometimes called heterogeneous polymers. The term "linear olefin 
polymers" does not refer to high pressure branched polyethylene, 
ethylene/ vinyl acetate copolymers, or ethylene/ vinyl alcohol 
copolymers which are known to those skilled in the art to have 
numerous long chain branches. The term "linear olefin polymers" 
also refers to polymers made using uniform branching distribution 
polymerization processes, sometimes called homogeneous polymers. 
Such uniformly branched or homogeneous polymers include those 
made as described in USP 3,645,992 (Elston) and those made using so- 
called single site catalysts in a batch reactor having relatively high 
olefin concentrations (as described in U.S. Patent 5,026,798 (Canich) or 
in U.S. Patent 5,055,438 (Canich)) or those made using constrained 
geometry catalysts in a batch reactor also having relatively high olefin 
concentrations (as described in U.S. Patent 5,064,802 (Stevens et al.) or 
in EPA 0 416 815 A2 (Stevens et al.)). The uniformly 
branched/homogeneous polymers are those polymers in which the 
comonomer is randomly distributed within a given interpolymer 
molecule and wherein substantially all of the interpolymer molecules 
have the same.ethylene/comonomer ratio within that interpolymer, 
but these polymers too have an absence of long chain branching, as, for 
example, Exxon Chemical has taught in their February 1992 Tappi 
Journal paper. 

The term "substantially linear" polymers means that the 
polymer backbone is substituted with 0.01 long chain branches/1000 
carbons to 3 long chain branches/1000 carbons, more preferably from 
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0.01 long chain, branches/1000 carbons to 1 long chain branches/1000 
carbons, and especially from 0.05 long chain branches/1000 carbons to 1 
long chain branches/1000 carbons. Similar to the traditional 
homogeneous polymers, the substantially linear etiiylene/oc-olefin 
copolymers of the invention have only a single melting point, as 
opposed to traditional Ziegler polymerized heterogeneous linear 
ethylene/a-olefin copolymers which have two or more melting points 
(determined using' differential scanning calorimetry (DSC)). 

Long chain branching is defined herein as a chain length of 
at least about 6 carbons, above which the length cannot be 
distinguished using 13 C nuclear magnetic resonance spectroscopy. The 
long chain branch can be as long as about the same length as the length 
of the polymer back-bone. 

Long chain branching is determined by using W C nuclear 
magnetic resonance (NMR) spectroscopy and is quantified using the 
method of Pnndn 11 Marromnl.Chgm. Phvs., C29 (2&3), p. 285- 
297), the disclosure of which is incorporated herein by reference. 

"Melt tension" is measured by a specially designed pulley 
transducer in conjunction with the melt indexer. Melt tension is the 
load that the extrudate or filament exerts while passing over the pulley 
at the standard speed of 30 rpm. The melt tension measurement is 
similar to the "Melt Tension Tester" made by ToyoseiM and is 
described by John Dealy in 'Oleometers for Molten Plastics", published 
by Van Nostrand Reinhold Co. (1982) on page 250-251. The melt 
tension of these new polymers is also surprisingly good, e.g., as high as 
about 2 grams or more, especially, for the substantially linear olefin 
polymers which have a very narrow molecular weight distribution 

(i.e., M w /M n from 1.5 to 15). 

The SCBDI (Short Chain Branch Distribution Index) or 
CDBI (Composition Distribution Branch Index) is defined as the weight 
percent of the polymer molecules having a comonomer content 
within 50 percent of the median total molar comonomer content. The 
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CDBI of a polymer is readily calculated from data obtained from 
techniques known in the art, such as, for example, temperature rising 
elution fractionation (abbreviated herein as r TREF") as described, for 
example, in Wild et al, Tournal of Polymer Science, Poly. Phys. Ed., Vol. 
20, p. 441 (1982), or as described in U.S. Patent 4,798,081. The SCBDI or 
CDBI for the substantially linear olefin polymers of the present 
invention is preferably greater than about 30 percent, especially greater 
than about 50 percent. 

A unique characteristic of the presently claimed polymers is 
a highly unexpected flow property where the I10/I2 value is essentially 
independent of polydispersity index (i.e..M w /M n ). This is contrasted 
with conventional Ziegler polymerized heterogeneous polyethylene 
resins and with conventional single site catalyst polymerized 
homogeneous polyethylene resins having Theological properties such 
that as the polydispersity index increases, the I10/I2 value also 
increases. 

The density of the ethylene or ethylene/a-olefin 
substantially linear olefin polymers in the present invention is 
measured in accordance with ASTM D-792 and is generally from 0.85 
g/cm 3 to 0,97 g/cm 3 , preferably from 0.85 g/cm 3 to 0.955 g/cm 3 , and 
especially from 0.85 g/cm 3 to 0.92 g/cm 3 . 

The molecular weight of the ethylene or ethylene/a-olefin 
substantially linear olefin polymers in the present invention is 
conveniently indicated using a melt index measurement according to 
ASTM D-1238, Condition 190°C/2.16 kg (formally known as • 
"Condition (E)" and also known as I2). Melt index is. inversely 
proportional to the molecular weight of the polymer. Thus, the higher 
the molecular weight, the lower the melt index, although the 
relationship is not linear. The melt index for the ethylene or 
ethylene/a-olefin substantially linear olefin polymers used herein is 
generally from 0.01 grams/10 minutes (g/10 min) to 1000 g/10 min, 
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g /10 mm to 10 g/10 mm. _ characterizing the 

(N)" and ^° ta0WI1 28 . ' ' „ , in/ i. For the substantially 
jtoeare&ylene/a-olefiB polymers of themve ^ 

tad icates the degree of long ^ ^eraUy. the 

rati o, me a*, long ^. , 7^^^Ba'P , * B - 0 " " 

above. ^^nfc r e e hindered phenolics 

Additives such as antioxidants (.e.g., rui r 

a^lock additives, P^^^ ^ ^ d0 not interfere 

^Xsel permeation 

chromatography (GPC ^ ^ cotaM s 

chromatographrc^ ^ £ at a ^ 

polymer Labora-n. 10J^ 1A4 . tfcMor „e, from 
temperature of 140 U me s e samples are prepared for 



is 200 microliters. 
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The molecular weight determination is deduced by using 
narrow molecular weight distribution polystyrene standards (from 
Polymer Laboratories) in conjunction with their elution volumes. The 
equivalent polyethylene molecular weights are determined by using 
appropriate Mark-Houwink coefficients for polyethylene and 
polystyrene (as described by Williams and Word in Tournal of Pnly mpr 
Science. Polymer Letters. Vol. 6, (621) 1968) to derive the following 
equation: 

Mpolyethylene = a * (Mp 0 iy Styr ene) b - 

In this equation, a = 0.4316 and b = 1.0. Weight average molecular 
weight, M W/ is calculated in the usual manner according to the 
following formula: M w = R wi* Mi, where Wi and Mi are the weight 
fraction and molecular weight, respectively, of the fraction eluting 
from the GPC column. 

The molecular weight distribution (M w /M n ) for the 
substantially linear olefin polymers of the invention is generally less 
than 5, preferably from 1.5 to 2.5, and especially from 1.7 to 2.3. 

Processing Index Determination 

The Theological processing index (PI) is measured by a gas 
r extrusion rheometer (GER). The GER is described by M. Shida, RJSL 
Shroff and L.V. Cancio in Polym. Eng. Sci, Vol. 17, no. 11, p. 770 (1977), 
and in "Rheometers for Molten Plastics" by John Dealy, published by 
Van Nostrand Reinhold Co. (1982) on page 97-99. The processing index 
is measured at a temperature of 190°C, at nitrogen pressure of 2500 psig 
using a 0.0296 inch (752 micrometers) diameter, 20:1 L/D die having an 
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, ofl8 0- The GER procestogmdex is calculated in 

H-U5X W d f* /OT " °°° * e shear stress at 2500 psi, 

following equation: on/in) 3 , where: 

32 Q 7 (60 se G /irun)C0.745)CDiameter X 254 c^/. 

O- is the extrusion rate (gms/muv), 
The H is the apparent viscosity u 

shear stress of 2.15 x 1* . ^ lyme rs disclosed 

F0I the substanhally tas* ^P J* ^ 

herein, the PI is less <h» or P£ 
^ear olefin polymer at " ^ 

An apparent shear stress vs. a PP Kamamurthy in 

to identify the Belt ^*°*^^™^^ e a certain critical flow 
^^Bte^SO®^^ eferoadly Rifled into 

rate, the observed exudate _ureg^ ^ 
W o rr^ types: surface mdt fracture an P 

Surface melt fracture ^^J^. of speculaI ^oss 
sK ady flow colons ^ ™ disclosure, the onset of 

to the more severe form of sharks^ - q£ losin 

surface melt "j/^sX «^ « ^ * 

extrudate gloss at wrach the surto ^ ^ ^ ^ of surfece 

detected by 40X magnutofcon. Them * at least 50 ■ 

ffielt ^ - J £ of sulf ace meit 

greater than 2.8x106 dynes/cm^ 
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Gross melt fracture occurs at unsteady flow conditions and 
ranges in detail from regular (alternating rough and smooth, helical, 
etc ) to random distortions. For commercial acceptability, (e.g., in 
blown film products), surface defects should be minimal, if not absent 
The critical shear rate at onset of surface melt fracture (OSMF) and 
critical shear stress at onset of gross melt fracture (OGMF) will be used 
herein based on the changes of surface roughness and configurations of 
the extrudates extruded by a GER. For the substantially linear olefin 
polymers of the invention, the critical shear stress at onset of gross 
melt fracture is preferably greater than 4 x 10* dynes/a^. 

Thp Constrain Onmetrv Catalyst 

Suitable constrained geometry catalysts for use herein 
preferably include constrained geometry catalysts as disclosed in U.S. 
Application Serial Nos, 545,403, filed July 3, 1990; 758,654, filed 
September 12, 1991; 758,660, filed September 12, 1991; and 720,041, filed 
June 24 1991. The monocydopentadienyl transition metal olefin 
polymerization catalysts taught in USP 5,026,798, are also believed to be 
suitable for use in preparing the polymers of the present invention, so 
long as the polymerization conditions substantially conform to those. 

The foregoing catalysts may be further described as comprising a 
metal coordination complex comprising a metal of groups 3-10 or the 
Lanthanide series of the Periodic Table of the Elements and a 
delocalized ^-bonded moiety substituted with a constrain-induang 
moiety, said complex having a constrained geometry about the metal 
atom such that the angle at the metal between the centroid of the 
delocalized, substituted K-bonded moiety and the center of at least one 
remaining substituent is less than such angle in a similar complex 
containing a similar rc-bonded moiety lacking in such constram- 
induring substituent, and provided further that for such complexes 
comprising more than one delocalized, substituted ^-bonded moiety, 
only one thereof for each metal atom of the complex is a cyclic, 
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delect, substituted *-bonded moiety. The catalyst further 
comprises an activating cocatalyst 

Preferred catalyst complexes correspond to the formula: 



n 

CP* \ 



wherein: 



M is a metal of group 3-10, or the Lanthanide series of 
the Periodic Table of the Hemenfs; 

Cp'is a cydopentadienyl or substituted cydopentadienyl 
group bound in an bonding mode to M; 

Z is a moiety comprising boron, or a member of group 14 of 
ft. Periodic Table of the Elements, and optionally sulfur or oxygen_ 
^d moiety having up to 20 non-hydrogen atoms, and optronally Cp 
and Z together form a fused ring system; 
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X independently each occurrence is an anionic ligand group 
or neutral Lewis base ligand group having up to 30 non-hydrogen 
atoms; 

n is 0, 1/2, 3, or 4 and is 2 less than the valence of M; 

and 

Y is an anionic or nonanionic ligand group bonded to Z and 
M comprising nitrogen, phosphorus, oxygen or sulfur and having up 
to 20 non-hydrogen atoms, optionally Y and Z together form a fused 
ring system. 

More preferably still, such complexes correspond to the 

formula: 




wherein: 

R' each occurrence is independently selected from the 
group consisting of hydrogen, alkyl, aryl, silyl, germyl, cyano, halo and 
combinations thereof having up to 20 non-hydrogen atoms; 

X each occurrence independently is selected from the group 
consisting of hydride, halo, alkyl, aryl, silyl, germyl, aryloxy, alkoxy, 
amide, silpxy, neutral Lewis base ligands and combinations thereof 
having up to 20 non-hydrogen atoms; 
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v n S--NR*--PRS « a neutral two electron donor 
Hgand selected from the group consishng of OR , SR , N "2 

M is as previously defined; and 

Z is SiR*2, CR*2, SiR* 2 SiR*2, CR* 2 CR*2, CR*=CR*, 
. CR* 2 SiR*2, GeR*2, BR*, BR*2> wherein 

R* each occurrence is independently sdected from&e 
groupconslst^^ 

halogenated aryl groups 0-7 • Qr ^ y ^ z 

mixtures thereof, or two or more R groups rx 
form a fused ring system; and n is 1 or 2. 

It should be noted mat whereas formula I and *e f oHowmg 

accuratdy referred to as a coordmate cov 

noted mat the complex may exist as a duner or higher e 

. Further preferably, at least one of R', Z, or R* is an electron 
donating moiety. Thus, highly ' • „ 

tLabW a m*ogen or phosphor - 
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Most highly preferred complex compounds are 
amidosilane- or amidoalkanediyl- compounds corresponding to the 
formula: 




wherein: 



M is titanium, zirconium or hafnium, bound in an 
r\5 bonding mode to the cyclopentadienyl group; 



R* each occurrence is independently selected from the 
group consisting of hydrogen, silyl, alkyl, aryl and combinations 
thereof having up to 10 carbon or silicon atoms; 

E is silicon or carbon; 

X independently each occurrence is hydride, halo, 
alkyl, aryl, aryloxy or alkoxy of up to 10 carbons; 

m is 1 or 2; and 

n is 1 or 2. 



Examples of the above most highly preferred metal 
coordination compounds include compounds wherein the R' on 
the amido group is methyl, ethyl, propyl, butyl, pentyl, hexyl, 
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Up-taaenyl group is ^^ ren l , ;R . on& e 
jLahydroindenyl, fluorenyi, od*T^ ^ . hydrogen , 

benzyl, phenyl, etc. butylami do)(tetrarAethyH 5 - 
Spedfic compounds mdude^ jy ^ odde (tert . 

ethanediyl^onium ^aienyD-U- 
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In a preferred embodiment, the metal compound is MX n+ i, 
i.e., M is in a lower oxidation state than in the corresponding 
compound, MX n+ 2 and the oxidation state of M in the desired final 
complex. A noninterfering oxidizing agent may thereafter be employed 
to raise the oxidation state of the metal. The oxidation is accomplished, 
merely by contacting the reactants utilizing solvents and reaction 
conditions used in the preparation of the complex itself. By the term 
"noninterfering oxidizing agent" is meant a compound having an 
oxidation potential sufficient to raise the metal oxidation state without 
interfering with the desired complex formation or subsequent 
polymerization processes. A particularly suitable noninterfering 
oxidizing agent is AgCl or an organic halide such as methylene 
chloride. The foregoing techniques are disclosed in U.S. Ser. Nos.: 
545,403, filed July 3, 1990 and 702,475, filed May 20, 1991, the teachings 
of both of which are incorporated herein by reference. 

Additionally the complexes may be prepared according to 
the teachings of the copending United States application serial number 
778,433 entitled: "Preparation of Metal Coordination Complex (I)", filed 
in the names of Peter Nickias and David Wilson, on October 15, 1991 
and the copending United States application serial number 778,432 
entitled: "Preparation of Metal Coordination Complex (11)", filed in the 
names of Peter Nickias and David Devore, on October 15, 1991, and the 
patents issuing therefrom. 

Suitable cocatalysts for use herein include 
polymeric or oligomeric aluminoxanes, especially methyl 
aluminoxane, as well as inert, compatible, noncoordinating, ion 
forming compounds. So-called modified methyl aluminoxane 
(MMAO) is also suitable for use as a cocatlyst. One technique for 
preparing such modified aluminoxane is disclosed in U.S. Patent 
5,041,584. Aluminoxanes can also be made as disclosed in U.S. Patents 
Nos. 5,542,199; 4,544,762; 5,015,749; and 5,041,585. Preferred cocatalysts 
are inert, noncoordinating, boron compounds. 
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Ionic active catalyst spedes which can be used to polymerize 
the polymers described herein correspond to the formula: 

z Y 

/ / 

Cp* — M + A- 

\ 

00 - 



wherein: 

M is a metal of group 3-10, or the Lanthanide series of the 
Periodic Table of the Elements; - ' " 

Cp* is a cydopentadienyl or substituted cyclopentadienyl 
group bound in an rfi bonding mode to M; 

Z is a moiety comprising boron, or a member of group 14 of 
the Periodic Table of the Elements, and. 

20 optionally sulfur or oxygen, said moiety having up to 20 non- 
hydrogen atoms/and optionally Cp* and Z together form a fused ring 
system; ' 

X independently each occurrence is an anionic 
ligand group or neutral Lewis base ligand group having up to 30 non- 
hydrogen atoms; 
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n is 0, 1, 2, 3, or 4 and is 2 less than the valence of M; and 

A- is a noncoordinating, compatible anion. 

One method of making the ionic catalyst species which can 
be utilized to make the polymers of the present invention involve 
combining: 

a) at least one first component which is a 
mono(cyclopentadienyl) derivative of a metal of Group 3-10 or the 
Lanthanide Series of the Periodic Table of the Elements containing at 
least one substituent which will combine with the cation of a second 
component (described hereinafter) which first component is capable of 
forming a cation formally having a coordination number that is one 
less than its valence, and 

b) at least one second component which is a salt of a 
Bronsted acid and a noncoordinating, compatible anion. 

More particularly, the non-coordinating, compatible anion 
of the Bronsted acid salt may comprise a single coordination complex 
comprising a charge-bearing metal or metalloid core, which anion is 
both bulky and non-nucleophilic. The recitation "metalloid", as used 
herein, includes non-metals such as boron, phosphorus and the like 
which exhibit semi-metallic characteristics. 

Illustrative, but not limiting examples, of 
monocyclopentadienyl metal components (first components) which 
may be used in the preparation of cationic complexes are derivatives of . 
titanium, zirconium, vanadium, hafnium, chromium, lanthanum, 
etc. Preferred components are titanium or zirconium compounds. 
Examples of suitable monocyclopentadienyl metal compounds are 
hydrocarbyl-substituted monocyclopentadienyl metal compounds such 
as (tert-butylamido)(tetramethyl-rj5.cyclopentadienyl)-l,2- 
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ethanediylzirconium dimethyl (tert-butylamido):(tetramemyl-T|5- 
cydopentaolienyi)-l,2-emanediylntanium dimethyl 
(methylamidoXtetramethyl-Ti^q^clopeiitadienyD-l^- 

ethanediylzirconium dibenzyl, 
(memylamido)(tetramethyl-T\ 5 -q^clopentadienyI)-l,2- 
emanediyltitanium dimethyl (emylamido)(tetramethyl-n5- 
qrclopentadienyDmethylenetitanium dimethyl 
Ctertbutylamido)dibenzyl(tetramethyl-n 5 -q^clopentadieriyl) 
silanezirconium dibenzyl (benzylamido)dimethyl- 
(tetrame&yl-T| 5 -c7dopentadieiiyI)silanetitanium diphenyl, 

(phenylphosphido)dimethyl(tetramethyl-Ti 5 - 
cydopentadienyl)sflanezirconium dibenzyl and the like. 

Such components are readily prepared by combining the 
corresponding metal chloride with a dilithium salt of the substituted 
cydopentadienyl group such as a cyclopentadienyl-alkanediyl 
cydopentadienyl-silane amide, or cydopentadienyl-phosphide 
compound. The reaction is.conducted in an inert liquid such as 
tetrahydrofuran, C 5 _i 0 alkanes, toluene, etc. utilizing conventional 
synthetic procedures. Additionally, the first components may be 
prepared by reaction of a group It derivative of the cydopentadienyl 
compound in a solvent and separating the salt by-product. 
Magnesium derivatives of the cydopentadienyl compounds are 
preferred. The reaction may be conducted in an inert solvent such as 
cydohexane, pentane, tetrahydrofuran, diethyl ether, benzene, 
toluene, or mixtures of the like. The resulting metal 
cydopentadienyl halide complexes may be alkylated using a variety 
of techniques. Generally, the metal cydopentadienyl alkyl or aryl 
complexes may be prepared by alkylation of the metal 
cydopentadienyl halide complexes with alkyl or aryl derivatives of 
group I or group E metals. Preferred alkylating agents are alkyl 
lithium and Grignard derivatives using conventional synthetic 
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techniques. The reaction may be conducted in an inert solvent such 
as cyclohexane, pentane, tetrahydrofuran, diethyl ether, benzene, 
toluene, or mixtures of the like. 

A preferred solvent is a mixture of toluene and tetrahydrofuran. 

Compounds useful as a second component in the 
preparation of the ionic catalysts useful in this invention will comprise 
a cation, which is a Bronsted acid capable of donating a proton, and a 
compatible noncoordinating anion. Preferred anions are those 
containing a single coordination complex comprising a charge-bearing 
metal or metalloid core which anion is relatively large (bulky), capable 
of stabilizing the active catalyst species (the Group 3-10 or Lanthanide 
Series cation) which is formed when the two components are 
combined arid sufficiently labile to be displaced by olefinic, diolefinic 
and acetylenically unsaturated substrates or other neutral Lewis bases 
such as ethers, nitriles and the like. Suitable metals, then, include, but 
are not limited to, aluminum, gold, platinum and the like. Suitable 
metalloids include, but are not limited to, boron, phosphorus, silicon 
and the like. Compounds containing anions which comprise 
coordination complexes containing a single metal or metalloid atom 
are, of course, well known and many, particularly such compounds 
containing a single boron atom in the anion portion, are available 
commercially. In light of this, salts containing anions comprising a 
coordination complex containing a single boron atom are preferred. 
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Highly preferably, the second component useful in the 
preparation of the catalysts of this invention may be represented by the 
following general formula: 

(L-H) + [A]' 

wherein: 

L is a neutral Lewis base; 

(L-H) + is a Bronsted acid; and 

[A]" is a compatible, noncoordinating anion. 

More preferably [A]" corresponds to die formula: 

[M'Q q ]- 

wherein: • 

M is a metal or metalloid selected from Groups 5-15 of the 
Periodic Table of the Elements; and 

Q independently each occurrence is selected from the 
Group consisting of hydride, dialkylamido, halide, alkoxide, aryloxide, 
hydrocarbyl, and substituted-hydro.carbyl radicals of up to 20 carbons 
with the proviso that in not more than one occurrence is Q halide and 

q is one more than the valence of MV 
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Second components comprising boron which are 
particularly useful in the preparation of catalysts of this invention 
. may be represented by the following general formula: 

[L-H] + [BQ 4 ]- 

wherein: 

L is a neutral Lewis base; 

[L-H] + is a Bronsted acid; 

B is boron in a valence state of 3; and 

Q is as previously defined. 

Illustrative, but not limiting, examples of boron 
compounds which may be used as a second component in the 
preparation of the improved catalysts of this invention are trialkyl- 
substituted ammonium salts such as triethylammonium 
tetraphenylborate, tripropylammonium tetraphenylborate, tris(n- 
butyl)ammonium tetraphenylborate, trimethylammonium tetrakis(p- 
tolyl)borate, tributylammonium tetrakis(pentafluorophenyl)borate, 
tripropylammonium tetrakis(2,4-dimethylphenyl)b orate, 
tributylammonium tetrakis(3,5-dimethylphenyl)borate, 
triethylammonium tetrakisO^-di-trifluoromethylphenyDborate and 
the like. Also suitable are N,N-dialkyl anilinium salts such as N,N- 
dimeth'yl-aniliniumtetraphenylborate, N,N-diethylanilinium 
tetraphenylborate, HN-Z^^-pentamethylanilinium tetraphenylborate 
and the like; dialkylammonium salts such as di-(i -propyl) ammonium 
tetrakis(pentafluorophenyl)borate, dicyclohexylammonium 
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and *. «*: and Phosp— . saUs sucn as 

ttKdimethylphanyDphosphomum tetrapnenyi 

Pre £erred io^c cataiysts axe to5e havtag a « chaxge 
separated stru^ure contending » ^ formula: 



/ 



eg* 



M + 

\ 

< x >n-l 



wherein: 



~_m or the Lanthanide series of the 
M is a metal of group 3-10, or trie u 

Periodic Table of the Elements; 

Cp* is a cydopentadienyl or substituted cyclopentadienyl 
group bound in an iV> bonding mode to M; 

Zis a moiety comprising boron, or a member of group 14 

and Z together form a fused ring system; 
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X independently each occurrence is an anionic ligand group 
ox neufral Lewis base ligand group having up to 30 non-hydrogen 



atoms; 



n is 0,1, 2, 3, or 4 and is 2 less than the valence of M; and 



XA*- is -XB(C6Fs)3- 

This class of cationic complexes may be conveniently . 
prepared by contacting a metal compound corresponding to the 
formula: 



/ 

A 

\ 



(x) n 



wherein: 

Cp* M, and n are as previously denned, 
with tristpen.afluoroph^Dbora.e cocatalyst » 
cause abstraction of X and formation of the aruon XBCC^. 

Preferably X ta the foregoing ionic catalyst is 

r^mhvdrocarbyl, most preferably methyl. 

1 1 The preceding formula is referred to as the linufcng, charge 
5 eparated struck. However, it is to be understood that, par^ari » 

oUd form, the catalyst may not be fully charge separated. That is, the 
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group may retain a partial covalent bond to the metal atom, M. Thus, 
the catalysts may be alternately depicted as possessing the formula: 




The catalysts are preferably prepared by contacting die 
derivative of a Group 4 or Lanthanide metal with the 
tris(pentafluorophenyI)borane in an inert diluent such as an organic 
liquid. Tris(pentafLuorphenyl)borane is a commonly available Lewis 
acid that may be readly prepared according to known techniques. The 
compound is disclosed in Marks, et aL T. Am. Chenu Soc. 1991, 113, 
. 3623-3625 for use in alkyl abstraction of zif conocenes. 

All reference to the Periodic Table of the Elements herein 
shall refer to the Periodic Table of the Elements, published and 
copyrighted by CRC Press, inc., 1989. Also, any reference to a Group or 
Groups shall be to the Group or Groups as reflected in this Periodic 
Table of the Elements using the IUPAC system for numbering groups. 

It is believed that in the constrained geometry catalysts used 
herein the metal atom is forced to greater exposure of the active metal 
site because one or more substituents on the single cyclopentadienyl or 
substituted metal is both bonded to an adjacent covalent moiety and 
held in association with the cyclopentadienyl group through an r\5 0T 
other rc-bonding interaction. It is understood that each respective bond 
between the metal atom and the constituent atoms of the 
cyclopentadienyl or substituted cyclopentadienyl group need not be 
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equivalent. That is, the metal may be symmetrically or 
unsymmetrically rc-bound to the cyclopentadienyl or substituted 
cyclopentadienyl group. 

The geometry of the active metal site is further defined as 
follows. The centroid of the cyclopentadienyl or substituted 
cyclopentadienyl group may be defined as the average of the respective 
X, Y, and Z coordinates of the atomic centers forming the 
cyclopentadienyl or substituted cyclopentadienyl group. The angle, 0, 
formed at the metal center between the centroid of the 
cyclopentadienyl or substituted cyclopentadienyl group and each other 
ligand of the metal complex may be easily calculated by standard 
techniques of single crystal X-ray diffraction. Each of these angles may 
increase or decrease depending on the molecular structure of the 
constrained geometry metal complex. Those complexes wherein one or 
more of the angles, 0, is less than in a similar, comparative complex 
differing only in the fact that the constrain inducing substituent is 
replaced by hydrogen, have constrained geometry for purposes of the 
present invention. Preferably one or more of the above angles, 0, 
decrease by at least 5 percent, more preferably 7.5 percent, compared to 
the comparative complex. Highly preferably, the average value of all 
bond angles, 0, is also less than in the comparative complex. 

Preferably, monocyclopentadienyl metal coordination 
complexes of group 4 or lanthanide metals according to the present 
invention have constrained geometry such that the smallest angle, 0, 
between the centroid of the Cp* group and the Y substituent, is. less 
than 115°, more preferably less than 110°, most preferably less than 
105°, and especially less than 100°. 

Other compounds which are useful in the catalyst 
compositions of this invention, especially compounds containing 
other Group 4 or Lanthanide metals, will, of course, be apparent to 
those skilled in the art. 
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concentration. Reduced ethylene concentration and higher 
temperature generally produces higher I10/I2- Generally, as the 
ethylene concentration of the reactor decreases, the polymer 
concentration increases. For the novel substantially linear 
ethylene/a-olefin copolymers and substantially linear ethylene 
homopolymers claimed herein, the polymer concentration for a 
continuous solution polymerization process is preferably above about 5 
weight percent of the reactor contents, especially above about 6 weight 
percent of the reactor contents. 

When using olefins other than ethylene as the primary 
monomer, suitable adjustments, can be made regarding polymerization 
temperature, pressure and olefin concentration, depending on the 
olefin to be polymerized or copolymerized, but generally the olefin 
concentration is less than that normally useful in a batch reactor and 
the polymer concentration is higher than that normally useful in a 
batch reactor. 

The substantially -linear polymers of the present invention 
can be homopolymers of C2-C20 ot-olefins, such as ethylene, propylene, 
4-methyl-l-pentene, etc., or they can be interpolymers of ethylene with 
at least one C3-C20 oc-olefin and/or C2-C20 acetylenically unsaturated 
monomer and/or. C4-C18 diolefins. The substantially linear polymers of 
the present invention can also be interpolymers of ethylene with at 
least one of the above C3-C20 a-olefins, diolefins and/or acetylenically 
unsaturated monomers in combination with other unsaturated 
monomers. 

Monomers usefully polymerized according to the present 
invention include, for example, ethylenically unsaturated monomers, 
acetylenic compounds, conjugated or nonconjugated dienes, polyenes, 
carbon monoxide, etc. Preferred monomers include the C2-C10 ot- 
olefins especially ethylene, 1-propene, isobutylene, 1-butene, 1-hexene, 
4-methyl-l-pentene, and.l-octene. Other preferred monomers include 
styrene, halo- or alkyl substituted styrenes, tetrafluoro ethylene, 
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, ob utane 1^- andnaphthenics (e.g., cydo- 
vtoylbenzocydobutane, i,*- 

p Jtene, cydo-he*ene and ^ polymerized 
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. in a homogeneous nonionic catalysts, 
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added directly to the polymerization process and a suitable solvent or 
diluent, including condensed monomer, is used in said 
polymerization process. It is, however, preferred to form the active 
catalyst in a separate step in a suitable solvent prior to adding the same 
to the polymerization mixture. 

The polymerization conditions for manufacturing the 
polymers of the present invention are generally those useful in the 
solution polymerization process, although the application of the 
present invention is not limited thereto. Gas phase polymerization 
processes are also believed to be useful, provided the proper catalysts 
and polymerization conditions are employed. 

Fabricated articles made from the novel olefin polymers 
may be prepared using all of the conventional polyolefin processing 
techniques. Useful articles include films (e.g., cast, blown and extrusion 
coated), fibers (e.g., staple fibers (including use of a novel olefin 
polymer disclosed herein as at least one component comprising at least 
a portion of the fiber's surface), spunbond fibers or melt blown fibers 
(using, e.g., systems as disclosed in USP 4,340,563, USP 4,663,220, USP 
4,668,566, or USP 4,322,027), and gel spun fibers (e.g., the system 
disclosed in USP 4,413,110)), both woven and nonwoyen fabrics (e.g., 
spunlaced fabrics disclosed in USP 3,485,706) or structures made from 
such fibers (including, e.g., blends of these fibers with other fibers, e.g., 
PET or cotton) and molded articles (e.g., made using an injection 
molding process, a blow molding process or a rotomolding process). 
The new polymers described herein are also useful for wire and cable 
coating operations, impact modification, especially at low 
temperatures, of thermoplastic olefins (e.g., polypropylene), as well as 
in sheet extrusion for vacuum forming operations. 

Useful compositions are also suitably prepared comprising 
the substantially linear polymers of the present invention and at least 
one other natural or synthetic polymer. Preferred other polymers 
include thermoplastics such as styrene-butadiene block copolymers, 
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polystyrene (including high impact polystyrene), ethylene vinyl 
alcohol copolymers, ethylene acrylic acid copolymers, other olefin 
copolymers (especially polyethylene copolymers) and homopolymers 
(e.g., those made using conventional heterogeneous catalysts). 
Examples include polymers made by the process of USP 4,076,698, other 
linear or substantially linear polymers of the present invention, and 
mixtures thereof. Other substantially linear polymers of the present 
invention and conventional HDPE and/or LLDPE are preferred for use 
in the thermoplastic compositions. 

The compositions comprising the substantially linear olefin 
polymers are formed by any convenient method, including dry 
blending the individual components and subsequently melt mixing, 
either directly in the extruder used to make the finished article (e.g., 
film), or by pre-melt mixing in a separate extruder. The polyethylene 
compositions may also be prepared by multiple reactor polymerization 
techniques. For example, one reactor may polymerize the constrained 
geometry catalyzed polyethylene and another reactor polymerize the 
heterogeneous catalyzed polyethylene, either in series or in parallel 
operation. 

Compositions comprising the olefin polymers can also be 
formed into fabricated articles such as those previously mentioned 
using conventional polyolefin processing techniques which are well 
known to those skilled in the art of polyolefin processing. 

For examples described herein, unless otherwise stipulated, 
all procedures were performed under an inert atmosphere or nitrogen 
or argon. Solvent choices were often optional, for example, in most 
cases either pentane or 30-60 petroleum ether can be interchanged. 
Amines, silanes, lithium reagents, and Grignard reagents were 
purchased from Aldrich Chemical Company. Published methods for 
preparing tetramethylcydopentadiene (C$Me4H2) and lithium 
tetramethylcyclopentadienide (U(CsMe 4 H)) include C M. Fendrick et 
al. Orgcmometallics, 3, 819 ( 1984) . Lithiated substituted 
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cydopentadienyl compounds may be typically prepared from the 
corresponding cyclopentadiene and a lithium reagent such as n-butyl 
lithium. Titanium trichloride (TiC^) was purchased from Aldrich 
Chemical Company. The tetrahydrofuran adduct of titanium 
trichloride, TiCl3CTHF)3, was prepared by refluxing TiCl3 in THF 
overnight, cooling, and isolating the blue solid product, according to 
the procedure of L. El Manzer, Inorg. Syn., 21, 135 (1982) . 

Examples 1-4 

The metal complex solution for Example 1 is prepared as follows: 
Part 1: Prep of Li(CsMe4H) 

In the drybox, a 3L 3-necked flask was charged with 18.34 g of CsMe^Hl, 
800 mL of pentane, and 500 mL of ether. The flask was topped with a 
reflux condenser, a mechanical stirrer, and a constant addition funnel 
container 63 mL of 2.5 M n-BuLi in hexane. The BuLi was added 
dropwise over several hours.- A very thick precipitate formed; approx. 
1000 mL of additional pentane had to be added over the course of the 
reaction to allow stirring to continue. After the addition was complete, 
the mixture was stirred overnight. The next day, the material was 
filtered, and the solid was thoroughly washed with pentane and then 
dried under reduced pressure. 14.89 g of Li(CsMe4H) was obtained (78 
percent). 

Part 2: Prep of CsMe4HSiMe2Cl 

In the drybox 30.0 g of Li(CsMe4H) was placed 

in a 500 mL Schlenk flask with 250 mL of THF and a large magnetic stir 
bar. A syringe was charged with 30 mL of Me2SiCl2 and the flask and 
syringe were removed from the drybox. On the Schlenk line under a 
flow of argon, the flask was cooled to -78°C, and the Me2SiCl2 added in 
one 
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Part 5: Prep of [C5Me4(SiMe2N t Bu)]TiCl2 

In the drybox, 0.50 g of TiCl3(THF)3 was suspended in 10 
mL of THF. 0.69 g of solid [MgCl]2 [Me^sSilv^NtBu] (THF) X was 
added, resulting in a color change from pale blue to deep purple. After 
15 minutes, 0.35 g of AgCl was added to the solution. The color 
immediately began to lighten to a pale green/yellow. After 1.5 hours, 
the THF was removed under reduced pressure to leave a yellow-green 
solid. Toluene (20 mL) was added, the solution was filtered, and the 
toluene was removed under reduced pressure to leave a yellow-green 
solid, 0.51 g (quantitative yield) identified by 1H NMR as 
[C5Me4(SiMe2N*Bu))Tia2. 

Part 6: Preparation of [CsMe4(SiMe2N t Bu)]TiMe2 

In an inert atmosphere glove box, 9.031 g of 
[C5Me4(Me2SiN t Bu)]TiCl2 is charged into a 250 ml flask and dissolved 
into 100 ml of THF. This solution is cooled to about -25°C by placement 
in the glove box freezer for 15 minutes. To the cooled solution is added 
35 ml of a 1.4 M MeMgBr solution in toluene/THF (75/25). The. 
reaction mixture is stirred for 20 to 25 minutes followed by removal of 
the solvent under vacuum. The resulting solid is dried under vacuum 
for several hours. 

The product is extracted with pentane (4x50 ml) and filtered. The 
filtrate is combined and the pentane removed under vacuum giving 
the catalyst as a straw yellow solid. 

The metal complex, [C5Me4(SiMe2N t Bu)]TiMe2 / solution 
* for Examples 2 and 3 is prepared as follows: 

In an inert atmosphere glove box 10.6769 g of a 
tetrahydrofuran adduct of titanium trichloride, TiCl3(THF)3, is loaded 
into a 1 L flask and slurried into 300 ml of THF. To this slurry, at room 
temperature, is added 17.402 g of [MgCl]2 [N t BuSiMe2CsMe4] {THF) X as 
a solid. An additional 200 ml of THF is used to help wash this solid 
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into the reaction flask. This addition resulted in an immediate reaction 
giving a deep purple solution. After stirring for 5 minutes 923 ml of a 
156 M solution of CH2CI2 in THF is added giving a quick color change 
to dark yellow. This stage of the reaction is allowed to stir for about 20 
to 30 minutes. Next, 61.8 ml of a 1.4 M MeMgBr solution in 
toIuene/THF(75/25) is added via syringe. After about 20 to 30 minutes 
stirring time the solvent is removed under vacuum and the solid 
dried. The product is extracted with pentane (8x50ml) and filtered. The 
filtrate is combined and the pentane removed under vacuum giving 
the metal complex as a tan solid. 

The metal complex, [C5Me4(SiMe2N t Bu)]TiMe2, solution 

for Example 4 is prepared as follows: 

In an inert atmosphere glove box 4.8108 g of TiCl3(thf)3 is 
placed in a 500 ml flask and slurried into 130 ml of THF. In a separate 
flask 8.000 g of [MgCl]2[N t BuSiMe2C5Me4](THF) x is dissolved into 150 
ml of THF. These flasks are removed from the glove box and attached 
to a vacuum line and the contents cooled to -30°C. The THF solution of 
[MgCU2[N t BuSiMe2C5Me4l(THF)x is transferred (over a 15 minute 
period) via cannula to the flask containing the TiCl3(THF)3 slurry. 
This reaction is allowed to stir for 1.5 hours over which time the 
temperature warmed to 0°C and the solution color turned deep purple. 
The reaction mixture is. cooled back to -30°C and 4.16 ml of a 1.56 M 
CH2CI2 solution in THF is added. This stage of the reaction is stirred 
for an additional 1.5 hours and the temperature warmed to -10°C. Next, 
the reaction mixture is again cooled to -40°C and 27.81 ml of a 1.4 M 
MeMgBr solution in toluene/THF (75/25) was added via syringe and 
the reaction is now allowed to warm slowly to room temperature over 
3 hours. After this time the solvent is removed under vacuum and 
the solid dried. At this point the reaction flask is brought back into the 
glove box where the product is extracted with pentane (4x50 ml) and 
filtered. The filtrate is combined and the pentane removed under 
vacuum giving the catalyst as a tan solid. The metal complex is then 
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solved tato a mixture of C8-C10 seated hydrocarbons (e.g./ 
Isopar™ E, made by Exxon) and ready for use in polymerization. 

£sl * B ^ aSi2n ■ . rts . VxMaatat M are produced in a solution 

«ene ^^^y^^^f^ 
Both « trademarks of and made by Ciba-Geigy Corporation^ 
representative schematic for the poiymerization process » shown rn 

KgUie1 ' The ethylene (4) and the hydrogen are combined into 
h™™ (151 before being introduced into the 20 diluent mixture (3). 

hydrocarbons (1), (e.g., Isopar™ E, made by Exxon) and the 
cLonomerCs) (2): For example 1, the comonomer ,s -orten. The ^ 
reactor feed mixture (6) is continuously 25 injected mto the eactor (9). 
L metal complex (7) and the cocatalyst (8) (the cocatalysus ; 
^(pentafluorophenyl)borane for Examples M herein whtchforms 
Clonic catalyst insitu) are combined into a single stream and also 
U Ejected into the reactor. Sufficient residence time » 
auowed for me metal complex and cocatalyst to react to the destred 

x Z fo use in the polymerization reactions, at least about 10 second, 
polymerization reactions of Examples M. the reactor pressure.. 
I Lu a, about 490 psig. Ethylene content of the reactor, after 

reaching steady state, is maintained below about 8 percent. 
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* - * * 1 

After polymerization, the reactor exit stream (14) is 
introduced into a separator (10) where the molten polymer is separated 
from the unreacted comonomer(s), unreacted ethylene, unreacted 
hydrogen, and diluent mixture stream (13). The molten polymer is 
subseouendy strand chopped or pelletized and, after being cooled in a 
water bath or peptizer (11), the solid pellets are collected (12). Table 1 
describes the polymerization conditions and the resultant polymer 
properties: 
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Table 1 




*For Examples 1-4, the Comonomer/Uletin ratio is 
the postage moiar ratio of (D-octene/d-octene + ethylene)) 



The 13C NMR spectrum of Example 3 (ethylene homopolymer) shows 
peaks which can be assigned to the o5*. and methine carbons 
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determined using the » -tad o K-daU ^ 
disclosure, wherein he states mat ^ 
^«^t^rs:^~omep r esenceo f lon g 

Branches per !0,000 carbons = K(l/3Xa))/TTot)l x 10*, 

. .^^j, rarbon from a branch (<x5+) 

or 034 long chambranches/1000 carbon atoms. 

Examples 5, 6 and comparison examples 7 9 with 
*. same melt index are tested for rheology companson Examples 5 

Examples 5 and 6 are stablized as Examples 1-4- ^omp r 
^ C ^~, 7 is stabbed wi* ,00 pp^ox™ 

Itmparison of the physical properties of each example and 
comparative example is listed in Table 2. 
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Pronertv 


Ex.5 


Ex 6 


Comparative 
example 7 


Comparative 
example 8 


Comparative 
example 9 


12 

(g/io 

minutes) 


1 . 


1 


1 


1 


U./o 


Density 
(g/cm 3 ) 


0.92 


0.902 


0.92 


0.912 


0.905 


110/12 


9.45 


7.61 


7.8-8 


8.2 


8.7 




1.97 


2.09 


3.5 - 3.8 


3.8 


3.8-4 



Surprisingly, even though the molecular weight distribution 
of Examples 5 and 6 is narrow (i.e., Mw/Mn is low), the H0/I2 values are 
higher in comparison with comparative examples 7-9. A comparison of 
the relationship between H0/I2 vs. M w /M n for some of the novel 
polymers described herein and conventional heterogeneous Ziegler 
polymers is given in Figure 2. The I10/I2 value for the novel polymers of 
the present invention is essentially independent of the molecular weight 
distribution, M w /M n which is not true for conventional Ziegler 
polymerized resins. 

Example 5 and comparative example 7 with similar melt index and 
density (Table II) are also extruded via a Gas Extrusion Rheometer (GER) 
atl90°C 

using a 0.0296" diameter, 20 L/D die. The processing index (PJ.) is 
measured at an apparent shear stress of 2.15 x 10* dyne/cm2 ^ described 
previously. The onset of gross melt fracture can easily be identified from 
the shear stress vs. shear rate plot shown in Figure 3 where a sudden 
jump of shear rate occurs. A comparison of the shear stresses and 
corresponding shear rates before the onset of gross melt fracture is listed 
in Table 3. It is particularly interesting that the PI of Example 5 is more 
than 20 percent lower than the PI of comparative example 7 and that the 
onset of melt fracture or sharkskin for Example 5 is also at a significantly 
higher shear stress and shear rate in comparison with the comparative 
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Modulus of Example 5 are higher than that ot co p 

Table 3 
Example 5 




* Onset of Gross Melt ttacture. 
Onset of Surface Melt Fracture. 



Ex^ple 6 and comparison example 9 have smular melt 

* ^2 but example 6 has lower Ho/ft (Table 4). These 
index and density, but ex^ ^ ^ ^ ^ 

polymers are extruded vaa a The processing index (PI) is 

using a 0.0296 inch diameter, 20.1 L/D cue. V 
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measured at an apparent shear stress of 2.15 x K)6 dyne/an 2 as 
described previously. 



Table 
4 



Property 


Example 6 


Comparative 
example 9 


12 

(g/ 10 minutes) 


.1 


0.76 


HO/12 


7.61 


8.7 


PI (kpoise) 


14 


15 


Melt tension 
(gms) 


1.46 . 


1.39 


Elastic modulus at 
0.1 rad/sec 
(dynes /cm 2 ) 


1481 


1921 








OGMF*, critical 
shear rate (1/sec) 


1186 


652 


OGMF*, critical 
shear stress (MPa) 


0.431 


0.323 








OSMF** critical 
shear rate (1/sec) 


about 764 


about 402 


OSMF**, crtical 
shear stress (MPa) 


0.366 


0.280 



* Onset of Gross Melt Fracture. 

* Onset of Surface Melt Fracture. 



The onset of gross melt fracture can easily be identified from the shear 
stress vs. shear rate plot shown in Figure 4 where a sudden increase of 
shear rate occurs at an apparent shear stress of about 3.23 x 10 6 
dyne/cm 2 (0.323 MPa). A comparison of the shear stresses and 
corresponding shear rates before the onset of gross melt fracture is 
listed in Table 4. The PI of Example 6 is surprisingly about the same as 
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comparative example 9, even though the Ho/l2 is lower for Example 6. 
The onset, of melt fracture or sharkskin for Example 6 is also at a 
significantly higher shear stress and shear rate in comparison with the 
comparative example 9. Furthermore, it is also unexpected that the 
Melt Tension (MT) of Example 6 is higher than that of comparative 
example 9, even though the melt index for Example 6 is slightly higher 
and the Il0/l2 is slightly lower than that of comparative example 9. 

rnm parativ p pxamples 10-19 

Batch efhylene/1-octene polymerizations were conducted under the 

following . conditions: 

Preparation of [HNEt3l + [MeB(C6F5)3]" 

A 100 ml flask was charged with 1.00 gram of 
tris(pentafluorophenyl)boron (1.95 mmol) and 70 ml of anhydrous 
pentane. After dissolution, 15 ml of MeLi (1.4 M in diethyl ether, 2.1 
mmol, 1.07 equiv) was added.at 25°C via syringe. A milky white 
mixture formed immediately and, after several minutes, two phases 
formed. The mixture was stirred for 15 hr and then the upper layer 
decanted. The viscous lower layer was washed twice with 30 ml of 
pentane and concentrated in vacuo for 2 hours to give a dear, 
colorless, viscous oil . Under nitrogen, the oil was quenched with a 40 
ml of an aqueous 0.5 M HNEt3Cl solution (20 mmol, 10 equiv) which 
had previously been cooled to 0°C. A white, gooey precipitate formed 
instantly. After two minutes, the solid was collected by filtration and 
washed twice with 20 ml of 0.5 M HNEt3Q solution followed by two 
washings with distilled water. The solid was dehydrated under high 
vacuum at 25°C for 15 hours to give a powdery white solid (0.77 grams, 
63%) which, was identified as the desired triethylammonium 
tris(pentafluorophenyI)methylborate salt. 
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Prepaiadoi. of [HNEt3l + t(aUyl)B(C6F5)3l- 

A 100 ml flask was charged with 1.00 gram of 
tris(pentailuorophenyl>boron (1.95 mmol) and 40 ml of anhydrous 
£H Af.er LoLon.iOSmloftWBra.OMmcUett.y. 
STz 05 mmol, 1.05 e^dv) was added a, 25'C via synnge. A doudy 
^ nature f nned iLediately and, after several routes, two 
T TrTed The mixture was stirred for 15 hr and then the upper 

/pentane and con— ™f- = ^ . 40 
^"L'tion ,0 mmol, 10 e,uiv, w Wf 

, t ^ n°r A eooev, white precipitate formed 

had previously been cooled to 0 C. A gooey, w ? r 
naa previu y ro iiected by filtration and washed 

^TZtiUed water. The solid was dehydrated under hagh vacuum at 

Z TZs to give a pasty white solid (0,9 grams, 30%) which 
was identified as the desired triethylammoiuum 
trU(pentafluorophenyl)allyiborate salt. 

Batch Reactor Polymerization Procedure 

A 2 L stirred autoclave was charged with the destred 
amounts of a mixed alkane solvent (Isopar® E, available from Exxon 

the polymerization temperature. Hydrogen w 

pressure expansion from a 75 ml addition tank. 

P The term -hydrogen Apsi" m Table represents the 

difference in pressure between the starting and final, pressure m the 
££L adcLn tank after adding hydrogen to the 21 reactor 
S a total of approximately 1200 ml of solvent and l-oc,en, 
was heated to the polymerization temperature and was 
grated with ethylene to the desired pressure. For these expenments, 
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cocatalyst (in Isopar t o ^ 

« a cata!yst addition tank ^ ^ ^ ^ ^ to 

polymerization was allowed to P'°« e "* ^ quenche d 

L^lution was drained from the bottom ' 

removed in a vacuum oven overnight The 
Table 5 and 5A: 
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Table 5 



Comp. 


H 2 


1-octene 


Isopar E 


yield 


Effcny. 


Ex. 


(Apsi) 


(gms) 


(gms) 


(gms) 


(gm/ 












gm Ti) 


10A* 


50 


38 


820 


39.6 


330,689 


11A* 


25 


38 


820 


70.1 


390,257 


12A* 


35 . 


38 


820 


46.4 


258,316 


13A* 


30 


38 


820 


48.8 


271,677 


14A* 


35 


30 


828 


52.1 


290,049 


15 A* 


27 


38 


820 


36.5 


152,401 


16A** 


26 


38 


820 


47.8 


266,110 


17B*** 


35 


40 


818 


19.7 


41,127 


18B*** 


50 


.40 


818 


19.7 


41,127 


19B*** 


25 - 


40 


818 


18.3 


38,204 



A = metal complex of [(CsMe4)SiMe2N(t-Bu)] TiMe2 (as in USP '802) 
B = metal complex of [(C5Me4)SiMe2N(t-Bu)] TiCl2 (as in USP 798) 
* = Cocatalyst of [Et3NH] + [(allyl)B(C6F5)3] _ (as in USP '802) 
** = Cocatalyst of [Et3NH] + [(Me)B(C6F5)3l~ (as in USP '802) 
*** = methyl aluminoxane (MAO) (as in USP 798) 
Reactor temperature is constant at about 140 °C 
Ethylene/solvent pressure is constant at about 500 psig 
Run time is about 15 minutes 
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Table 5A 



Comp. 
Jbx. 


jimoles 


rnra talvsf 


Trffanox 
1010 
(ppm) 




2.5 


2.5 


2500 


1 1 A* 


3 75 


3.75 


1400 


1 0 A* 


1 75 


3.75 


2200 


13A* 


3.75 


3.75 


2000 


14A* 


3.75 


3.75 


1900 


15A* 


5 


5 


2700 


16A** 


. 3.75 


3.75 


2000 


17B**" 


10 


5000 


5000 


18B**' 


10 


5000 


5000 


19B**' 


10 


5000 


5500 



B = metal complex of [(C5Me.4)SiMe2N(t-Bu)] TiCl2 (as in USP 798) 

* = Cocatalyst of [EtsNHj + [(aUyDBCCgFste]" (as in USP '802) 

** = Cocatalyst of [Et3NH] + KMe)B(C6F5)3l" (as in USP '802) 

*** = methyl alurninoxane (MAO) (as in USP 798) 

Reactor temperature is constant at about 140 °C 

Ethylene/solvent pressure is constant at about 500 psig 

Run time is about 15 minutes 



The samples were each extruded via a Gas Extrusion 
Rheometer (GER) at 190°C using 0.0296 inch diameter die having L/D 
of 20 and entrance angle of 180°, as shown in the attached drawing. 
The OGMF can easily be identified from the shear stress vs. shear rate 
plot where a sudden jump of shear rate occurs or when the surface of 
the extrudate becomes very rough or irregular, or from deep ridges 
which can be clearly detected by visual observation. OSMFis 
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characterized by fine scale surface irregularities ranging from loss of 
surface gloss to the more severe form of matte or sharkskin which can 
easily be seen using microscopy at a magnification of 10X. 

Table 6 displays the test results from Comparative Examples 10-19: 



Table 6 




Comparative Examples 10 - 16 were prepared using the 
catalyst composition as described in U.S. Patent 5,064,802 (Stevens et 
al ) as described above. Comparative Examples 17 - 19 were prepared 
using the catalyst composition described in U.S. Patent 5,026,798 
(Canich), as described above. All of the Comparative Polymer 
Examples made using a batch reactor at an ethylene concentration of 
about 8 4 percent by weight of the reactor contents or more tested had 
onset of gross melt fracture at a shear stress of less than or equal to 
0 344 MPa (3.44 x 10 6 dynes/ cm 2 ). 

Interestingly, an ethylene concentration of about 8.4 percent 
is considered to be on the low side for a batch polymerization 
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ranges tan. low o£ contents , resulte ta 

79 percent (Example 6), by weight o. 

polymenzaticn of polymers wh,* dono ha „ ttales . 

ejected based on conventional Z.egler polymenzed poiym 

^^SS^^o novel e^lene/l^e 
^lymers ride in accordance with *e present invenhon »d from- 
E^U- convention! ^d r physical 

and block are also tested. 
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comparative resins are fabricated on an Egan blown film line using, the 
following fabrication conditions: 

- 2 inch (5 an) diameter extruder 

- 3 inch (7.6 cm) die 

- 30 mil die gap 

- 25 RPM extruder speed 

- 460°F (238°C) melt temperature 
- 1 mil gauge 

- 2.7:1 Blow up ratio (12.5 inches (31.7 cm) layflat) 
- 12.5 inches (31.7 cm) frost line height 

The melt temperature is kept constant by changing the extruder 
temperature profile. Frost line height is maintained at 12.5 inches (31.7 
cm) by adjusting the air flow. The extruder output rate, back pressure 
and power consumption in amps are monitored throughout the 
experiment. The polymers of the present invention and the 
comparative polymers are all ethylene/l-octene copolymers. Table 7 
summarizes physical properties of the two polymers of the invention 
and for the two comparative polymers: 



Table 7 



Property 


Example 20 


Comparative 
example 21 


Example 22 


Comparative 
example 23 


I2(g/10 
minutes) 


1 


1 


1 


0.8 


Density 
(g/cm 3 ) 


0.92 


0.92 


0.902 


0.905 


IlO/fe 


9.45 


about 8 


7.61 


8.7 


Mw/Mn 


2 


about 5 


2 


about 5 
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Table s 8 and 9 summarize the film properties measured for blown film 
made from two of these four polymers: 



Table 8 
Blown film properties^ 



Property 



Tensile 
yield 
(psi) 
Tensile 
break (psi) 
Elongation 
(percent) 
Young's 
modulus 

(psi) 
PPT* tear 
(gms) 



Example 
20 
MP 
1391 



7194 




Example 
20 
CD 
1340 



5861 



Comparative 
example 21 
MP 
1509 



6698 



Comparative 
example 21 
CD 
1593 



6854 



723 



23,524 
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Property 


Example 20 


Comparative 
example 21 


Dart A 

(grams) 
Puncture 
(grams) 


ATI 

235 


454 
275 


Clarity 
(percent) 


71 


68 


Haze 


3.1 


6.4 - 


20° gloss 


114 


81 


Block 
(grams) 


148 


134 



During the blown film fabrication, it is noticed that at the same screw . 
3s rpm) and at the same temperature profile, the extruder back 
pressure to about 3500 psi at about 58 amps power consumptron for 
comparative example 2! and about 2550 psi at about 48 amps power 
consumption for example 20, thus showing the novel polymer of 
. . ample 10 to have improved processability over that of a 
conventional heterogeneous Ziegler polymerized polymer. The 

screw speed. Thus, example 20 has higher pumping efficacy than 
comparative example U (i.,, more polymer goes through per turn of 
the screw). ^ _^ ^ ^ ^ ^ of polymers 0 f 

the present inventions improved, as evidenced by lower heat seal 
initiation temperatures and higher heat seal strengths at a g!ven 
temperature, as compared with conventional heterogeneous 
polymers at about the same melt index and density. 
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ESEpte2 ^Ler products of Examples 1 and 3 are produced in 

number 0// / /o,iov, u. ocrr ibed in copending U.S. 

application serial number BW» «* MMAO (Al:Ti 

ratio of 4:1). For Example a* j concentration m 

hydl ° Sen " Additives (e.g„ antioxidants, pigments, etc) canbe 
incorporated into the interpolymer produc* ^P^arton. 

Examples 24 and 2o are eacn srau Wos™ 168 is a 

phosphite stabilizer and lrganox j." ^ ^. . 

£U (e,. tetraMs «^ of 
hydroxyphenylpropionate)]memane. Both are tra 

by Qba-Geigy Corporation. 

butylated hydroxy toluene (BHT) andfcg ^ 
stabilizers. Table 10 summarizes physical prop 
performance of example U and comparative example 26. 
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Table 10 



Property 


Example 24 


Comparative 
Example 26 


I 2 

(g/10 minutes) 


3.3 


3.58 


Density 
(g/cm 3 ) 


0.870 


0.878 


I10/I2 


7.61 


5.8 


Mw/M n 


1.97 


1.95 


PI 
(kPoise) 


3.2 


8.4 


Elastic Modulus @ 0.1 
rad/sec 
(dynes/ cm 2 ) 


87.7 


8.3 


OSMP, critical shear 
rate (sec 1 ) 


660 


250 



"Onset of surface melt fracture 



Even though Example 24 and Comparative Example 26 
have very similar molecular weight distributions (M w /M n ), I2 and 
density, Example 24 has a much lower processing index (PI) (38 percent 
of the PI of Comparative Example 26), a much higher onset of surface 
melt fracture (264 percent increase in OSMF) and an elastic modulus 
an order of magnitude higher than Comparative Example 26, 
demonstrating that Example 24 has much better processability and., 
higher melt elasticity than Comparative Example 26. 

Elastic modulus is indicative of a polymer's melt stability, 
e.g., more stable bubbles when making blown film and less neck-in. 
Resultant physical properties of the finished film are also higher. 



PCT/US92/08812 

WO 93/08221 . . . 

. 58 . ;.. " 7 • 

Onset of surface melt ta« * easily id-*-* 
v • .A. surface extrudate and notmgwhen the 

i tty\ dt*c and measures viscosity change 

KMS 800) >s used ^ ^ a sweep 

RMS 800 is used at 190 C at 15 pel 

( L e., & o m '0. 1 - 1 00rad/sec>undera m ^pu,ge i ^^ P fe 

Me positioned such tot toy r*ve * W J^^L ^ u md 
Example 24 and Comparative Example 26 are nsteo. 
graphically displayed in Figure 6. 
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Table 11 
Dynamic Viscosity 
(poise) 
for Example 24 




Surprisingly, Example 24 shows a shear thinning 
behaviour, even though Example 24 has a narrow molecular we lg ht 

^lur of a narrow molecular weight distribudon polymer, with a 
-o =;= ^ ^ ^ pdymers fc 

accordance with the present invention (e.g. Example 24) have lower 
mTvicosirthan a typical narrow molecular weight distributor. 
LttpolyLer mad^y single site catalyst technology a, the melt 
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wo—to- shear rate region of commercial interest In addition the 
Z77^c substantially linear olefin polymers have a higher low 
to/zero shear viscosity than the Comparative linear polymer^ 
demonstrating that the copolymers of the invention havener 
"green strength" which is useful for forming and maintemmg 
Held commons such as those used in the wire -d ^ coatmg 
industry, where the compounded materials must mamtam to 
integrity at low or zero shear without segregating the components. 

Fv g -mp1p 7.5 an ^ reparative F.xample 27 . 
£ Example 25 is an e^eW^ctene elastic substantially 

linear olefin polymer produced in a continuous solution 

polymerization process as described herein. 

Comparative Example 27 is an ethylene/propene 

copolymer made by Mitsui Petrochemical Corporation and 
trademarked Tafmer™ P-0480. Table 12 summarizes physical 
properties and rheological performance of these two polymers: 
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Table 12 
Example 25 




OSMF*, critical shear 
rate (see 1 ) 



*Onset of surface melt fracture 

Even though Example 25 and Comparative Example 27 
have similarly narrow molecular weight distributions (M w /M n )/ h, 
and density, Example 25 has a PI which is 28 percent of *a of 
Comparative Example 27, a 743 percent increase m onset of surface 
m elt fracture and a higher elastic modulus than Comparative 
Example 27, demonstrating that Example 24 has much better 
probability than Comparative Example 27. Onset of surface melt . 
Lure is easily identified by visually observing the surface extrudate 
and noting when the extrudate starts losing gloss and small surface 
roughness is detected by using 40X magnification. 
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Samples 28-37 

Examples 28-35 are ethylene/propene copolymers made using the 
constrained geometry catalyst described herein and in a continuous 
solution polymerization process. Examples 36 and 37 are ethylene/1- 
butene copolymers made using the constrained geometry catalyst 
described herein and in a continuous solution polymerization process. 
Examples 28-35 each contained approximately 1250 ppm calcium 
strearate and 200 ppmlrganox 1010. Table 13 and 13 A describe the 
polymerization conditions and Table 14 describes the resultant 
polymer physical properties for Examples 28-35: 



Table 13 



Ex. 


Reactor 


Estimated 


Ethylene 


hydrogen/ ethylene 




ethylene 


reactor PE 


flow rate 


ratio 




cone 


cone 


(lbs/hr) 


(mole percent) 




(weight 


(weight 








percent) 


percent) 






28 


5.3 


6.0 


3.19 


0.048 


29 


4.2 


7.3 


3.19 


0.024 


30 


4.0 


8.9 


3.19 


0.028 


31 


3.5 


9.3 


3.18 


0.024 


32 


2.5 


10.6 


3.20 


0.027 


33 


2.6 


. 10.7 


3.18 


0.007 


34 


1.3 


10.5 


3.19 


0.027 


35 


1.0 


10.9 


3.19 


0.010 
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Table 13A 



La. 


"Reactor 

l\t OW IU1 

temp 
' (°C) 


Diluent/ ethylene ratio 


Comonomer/ olefin 
ratio 

- • 


28 


170 


82 


25.5 


29 


172 


8.1 


24.0 


30 


171 


7.1 


16.6 


31 


171 


72 


20.1 


32 


170 


7.1 


15.6 


33 


173 


7.1 


16.7 


'34 


145 


8.2 


17.8 


35 


158 


8.2 


18.8 



Table 14 



Ex. 


12 

(gms/10 
minutes) 


. I10/I2 


Density 
(gm/cm 3 ) 


M w /M n 


28 


1.08 


7.8 


0.9176 


2.00 


29 


1.02 


8.8 


0.9173 


2.17 


30 


0.82 


9.2 


0.9175 


. 2.08 


31 


0.79 


9.4 


0.9196 


2.04 


32 


1.01 


10.6 


0.9217 


2.09 


33 


0.83 


12.4 


0.9174 


2.31 


34 


0.54 


15.2 


0.9201 


2.12 


35 


0.62 


15.6 


0.9185 


2.32 



Figure 7 graphically displays a best fit line drawn through a 
plot of the I10/I2 ratio for the ethylene/propene substantially linear 
polymers of examples 28-35 as a function of ethylene concentration in 
the polymerization reactor. Surprisingly, in contrast to conventional 
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Ziegler polymerized polymers and in contrast to a batch 
polymerization using the same catalyst and relatively high ethyelne 
concentrations/as the ethylene concentration in the reactor decreases 
using a continuous polymerization process, the I10/I2 ratio (indicating 
the amount of long chain branching in the novel substantially linear 
polymers) increases, even though the molecular weight distribution, 
M w /Mn, remains very narrow and essentially constant at about 2. 

Table 15 shows the critical shear stress and critical shear 
rate at OGMF and OSMF for examples 28-35: 



Table 15 



Example 


OSMF 


OGMF 


28 (shear stress) 


2.15 x 10 6 dynes/ an 2 


4.09 x 10 6 dynes/ cm 2 


28 (shear rate) 


129.8 sec" 1 


668.34 sec' 1 


29 (shear stress) 


1.94x10° dynes/cm^ 


43 x 10° dynes/cm^ 


29 (shear rate) 


118.8 sec" 1 


652.1 sec" 1 


30 (shear stress) 


1.08 xlO 6 dynes /cm 2 


4.3 x 10 6 dynes/ cm 2 


30 (shear rate) 


86.12 sec" 1 


650.7 sec" 1 


31 (shear stress) 


1.08 x 10 6 dynes/ cm 2 


>4.3 x 10 6 dynes/cm 2 


31 (shear rate) 


90.45 sec" 1 


>683 sec -1 


32 (shear stress) 


1,94 x 10 6 dynes/cm 2 


3.66 x 10 6 dynes/ cm 2 


32 (shear rate) 


178.2 sec" 1 


673 sec" 1 


33 (shear stress) 


2.15 x 10 6 dynes/cm 2 


about 3.23 xlO 6 
dynes /cm 2 


33 (shear rate) 


235.7 sec' 1 


about 591 sec' 1 


34 (shear stress) 


1.94 x 10 6 dynes/cm 2 


3.44 x 10^. dynes/cm 2 


34 (shear rate) 


204.13 sec" 1 . 


72523 sec" 1 


35 (shear stress) 


1.94 x 10 6 dynes/cm 2 


about 3.26 xlO 6 
dynes/cm 2 


35 (shear rate) 


274.46 sec" 1 


637.7 sec' 1 
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Wh 16 and 16A describe the polymerizaHon condition and Table 17 
describes the resultant polymer physical properties for ethylene/1- 
butene copolymer Examples 36 and 37: 



Ex. 



Reactor 


Reactor 


ethylene 


PE cone 


cone. 


(weight 


(weight 
percent) 


percent) 


53 


5.8 


1.3 . 


10.8 



T able 16 
Ethylene 
flow rate 
(lbs/hr) 



Hydrogen / ethylene 
ratio 

(mole percent) 



Ex 


Reactor 
temp 
(°C) . 


Diluent/ 
ethylene 
ratio 


Comonomer / olefin 
ratio 


36 


170 


8.1 


24.2. 


37 


152 


8.2 


17.1 



Ex. 


12 

(gms/10 
minutes) 


I10/I2 


Density 
(gm/cm^) 


Mw/Mn 


36 
37 


0.59 
1.03 


. 7.5 
11.4 


0.9201 
0.9146 


2.06 
2.22 



The data in Tables 16, 16A and 17 show that as the ethylene 
concentration in the reactor decreases while using the constrained 
"eometry catalyst as described herein, the Uo/12 ratro of the nove! 



WO 93/08221 



66 



PCT/US92/08812 



substantially linear polymers increases, indicating the amount of long 
chain branching in the novel polymers, even while the molecular 
weight distribution, M w /Mn, of the novel polymers remains narrow 

at essentially about 2. 

Table 18 shows the critical shear stress and critical shear 
rate at OGMF and OSMF for examples 36 and 37: 



Table 18 



Example 


OGMF 


OSMF 


36 (shear stress) 


1.94 x 10 6 dynes/cm 2 


4.09 x 10 6 dynes/cm 2 


36 (shear rate) 


52.3 sec" 1 


234.45 sec" 1 


37 (shear stress) 


1.08 x 10 6 dynes /cm 2 


3.01 x 10 6 dynes/ cm 2 


37 (shear rate) 


1605 seer 1 


493.9 sec" 1 



Proposed Example 38 

Example 4 is essentially repeated except that propylene is 
substituted for ethylene in the polymerization. 



Proposed Example 39 

Example 1 is essentially repeated except that propylene is 
copolymerized with at least one C2-C20 <x-ole£in in the 
polymerization. 
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Claims: 



^o^polym^acurized^^ olefin ■ 

P ^ a) a melt flow rabo, 110/12,^5.63 define dbythe 
b ) a molecular weight distribute, M w /M„, define y 

; equation: < „ ;i ) . 4 .63, and 

greater than 4x10* dyne/cm 2 . 

2. An olefin poller characterized ir J^*. <**n 

P y a) ameltflowratio,Iio/l2^5^ defme dbythe 
b ) a molecular weight distributxon, M w /M n , defm y 

I 2 anciMw/^n- 

3 An olefin polymer characterized in mat the olefin 

P a) a melt flow ratio, 1,0/12,^5.63, and 

b ) a molecular weigh, distribuuon, M„/M„ of 

25 from 1.5 to 2.5. 
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4. An olefin polymer characterized in that the olefin 
polymer is a substantially linear, olefin polymer having: 

a) a melt flow ratio, I10/I2/ ^ 5.63, 

b) a molecular weight distribution, M w /M n of 
from 1.5 to 2.5, and 

c) a critical shear rate at onset of surface melt fracture of at 
least 50 percent greater than the critical shear rate at the onset of surface 
melt fracture of a linear olefin polymer at about the same Iz and 
M w /M n - 



5. An olefin polymer characterized in that the olefin 
polymer is a substantially linear olefin polymer having a critical shear 
rate at onset of surface melt fracture of at least 50 percent greater than 
the critical shear rate at the onset of surface melt fracture of a linear 

15 olefin polymer at about the same I2 and M w /M n . 

6. An olefin polymer characterized in mat the olefin 
polymer is a substantially linear olefin polymer having: 

(a) from 0.01 to 3 long chain branches/ 1000 carbons along 
20 the polymer-backbone and 

(b) a critical shear stress at onset of gross melt fracture of 
greater than 4 x 10^ dynes/cm 2 - 

7. An olefin polymer characterized in that the olefin 
25 polymer is a substantially linear olefin polymer having: 

(a) from about 0.01 to about 3 long chain branches/1000 
carbons along the polymer backbone and 

. (b) a critical shear rate at onset of surface melt fracture of at 
least 50 percent greater than the critical shear rate at the onset of surface 
30 melt fracture of a linear olefin polymer at about the same I2 and 
M w /Mn. 
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8. An olefin polymer characterized in that the olefin 
polymer is a substantially linear olefin polymer having: 

(a) from 0.01 to 3 long chain branches/1000 carbons along 
the polymer backbone, 
5 (b) a melt flow ratio, I10/I2/ ^ 5.63, and 

(c) a molecular weight distribution, M w /M n from 1.5 to 2.5. 

9. The substantially linear olefin polymer of any of claims 

1-8, 

10 wherein the substantially linear olefin polymer is: 

(A) a homopolymer of a C2-C20 olefin, or 

(B) an interpolymer of ethylene with at least one C2-C20 

acetylenically unsaturated monomer, or 

(C) an interpolymer of ethylene with at least one C4-C18 

15 diolefin. 

10. The substantially linear olefin polymer of any of claims 

1-8, 

wherein the substantially linear olefin polymer is: 
20 (A) an ethylene homopolymer, or 

(B) an interpolymer of ethylene with at least one C3-C20 oc- 

olefin. 

11. The substantially linear olefin polymer of any of Claims 
25 1-7 wherein the substantially linear olefin polymer has a M w /M n less 

than 3.5. 



30 



12. The substantially linear olefin polymer of any of Claims 
1-7 wherein the substantially linear olefin polymer has a M w /M n from 
1.5 to 2.5. 
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v5 herein the X- backbone, 

long chatabraivches/1000 carbons along the P J» 

f soaring a substantially linear ethylene 
14 A process of P^*™* 2 5 .63, and a molecular 
polyrnerh.vinsarndtflowra,^^ on;Mw/MnS 

wei ght distribution, ™*1J,_ continuously contacts one 

aio /lz)-^saidprocess^ac^ 

L0 polymerization conditions, wn 

characterized as: rnmo lex comprising a metal atom 

a) a metal coordinate complex P > ^ ^ 

constrain-indudng subsU ^'' ^ te such complexes 

25 b) an activating cocatalyst 

cc of Claim U wherein the process is: 
15. The process ot Claim a* 

(A) a gas phase process, or 

(B) a suspension process, or 

30 (C) a solution process, or 

(D) a slurry process. 
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16. The solution process of Claim 15 wherein the 
polymerization conditions comprise a reaction temperature and olefin 
concentration sufficient to form the substantially linear olefin 

5 polymer. 

17. The process of Claim 16 wherein the polymerization 
conditions comprise a reaction temperature and olefin concentration 
sufficient to form a substantially linear olefin polymer having a Iip/l2 

10 of at least 8. 

18. The process of Claim 16 wherein the polymerization 
conditions comprise a reaction temperature and an olefin 
concentration sufficient to form the substantially linear olefin 

15 polymer, wherein the polymer has a I10/I2 of at least 9. 
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10, 



15 



20 



or 



19. The process of Claim 14 wherein (a) is an amidosilane- 
amidoalkanediyl- compound corresponding to the formula: 




wherein: 5 
M is titanium, zirconium or hafnium, bound to an n°- 

cydopentadienyl group; 

R- each occurrence is independently selected from 

hydrogen, silyl, allcyl, aryl and combinations thereof having up to 10 

carbon or silicon atoms; 

E is silicon or carbon; 

X independently each occurrence is hydride, alkyl, or aryl of 

up to 20 carbons; and 
m is 1 or 2. 

20. The process of Claim 14 wherein (b) is: 

(A) methylaluminoxane or 

(B) tris(pentafluorophenyl)borane. 

21. The product obtainable by me process of Claim 14 

22. A composition comprising an olefin polymer and at 



least one 



other natural or synthetic polymer, wherein the olefin 
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polymer is characterized as the substantially linear olefin polymer of 
any of Claims 1-8. 

23. A composition comprising an olefin polymer and at 
5 least one other natural or synthetic polymer, wherein the olefin 

polymer is characterized as: 

(A) an ethylene /cx-olefin substantially linear olefin 
polymer, or 

(B) a substantially linear ethylene homopolymer. 

10 

24. The composition of Claim 23 wherein the synthetic 
polymer is a conventional Ziegler polymerized ethylene/ a-olef in 
polymer. 

15 . 25. A fabricated article comprising an olefin polymer, 

characterized in that the olefin polymer is the substantially linear 
olefin polymer of any of Claims 1-8. 

26. The fabricated article of Claim 25 wherein the article is: 
20 (A) a film, or 

(B) a fiber, or 

(C) a sheet, or 

(D) a woven fabric, or 

(E) a nonwoven fabric, or 
25 (F) a molded article, or 

(G) a. wire and cable coating. 



30 



27. The fabricated article of Claim 25 wherein the film is a 
blown film. 
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28. The blown film of Claim 27 wherein the substantially 
linear olefin polymer is an ethylene/a-olefin copolymer having a 
density from 0.9 g/cm 3 to 0.92 g/ cm 3 . 

5 29. The blown film of Qaim 28 wherein the ethylene/a- 

olefin copolymer has a molecular weight distribution, M W /M E , from 
L5toZ5. 

30. The blown film of Qaim 29 wherein the film has a heat 
10 seal strength equal to or higher than a film made from a 

heterogeneous Ziegler polymerized polymer at the same heat seal 
temperature, wherein the substantially linear ethylene polymer and 
the heterogeneous Ziegler polymerized polymer have about the same 
melt index and about the same density. 
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9 


14 m 


[0 









15 


4 m 





13 




!2 



FIG. I 
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